Biosphere Reserves aim at being role models for biodiversity conservation. This study focuses on the unsuccessful conservation of waders (Charadrii) on wet grasslands in the Kristianstad Vattenrike Biosphere Reserve (KVBR) in southern Sweden. Predation on nests and young has been proposed as one reason contributing to the decline of waders. We explored this hypothesis by comparing two landscapes, one with declining (KVBR) and one with stable (Östergötland) wader populations on managed wet grasslands in southern Sweden. Specifically, we tested three predictions linked to predation on wader nests and young, namely that (1) the relative abundance of avian predators and waders; (2) the avian predator abundance; and (3) the predation rate on artificial wader nests, should all be higher in declining versus stable populations. All predictions were clearly supported. Nevertheless, predation may not be the ultimate factor causing wader population declines. We discuss the cumulative effects of landscape change linked to increased food resources for predators, reduced wet grassland patch size and quality. Holistic analyses of multiple wet grassland landscapes as social-ecological systems as case studies, including processes such as predation and other factors affecting waders, is a promising avenue towards collaborative learning for wet grasslands as a functional green infrastructure. However, if governance and management approaches can be improved is questionable without considerable investment in both ecological and social systems.
Introduction
Implementation of policies about ecological sustainability towards successful conservation of species, habitats and processes in social-ecological systems, i.e., landscapes, is a paramount contemporary challenge. The policy concepts biodiversity and ecosystem services are two good examples [1] . In response to difficulties in communicating these concepts to actors and stakeholders, policy about green infrastructure has appeared (e.g., [2] ). To support the implementation of policies aiming at sustainable landscapes on the ground, Biosphere Reserve, Ecomuseum, Model Forest and other concepts were developed to enhance collaborative learning towards tangible results [3, 4] . In the Millennium Ecosystem Assessment [5] one of several examples brought forward as a success story in terms of implementation of sustainability policy was the Kristianstad Vattenrike Biosphere Reserve (KVBR) [6] . The KVBR is one of southern Sweden's most valuable inland wetland ecosystems of natural and anthropogenic origin [7] , hence the name "Vattenrike" (i.e., "water kingdom"). After nominations as a Ramsar wetland in 1974, and an Ecomuseum in 1989, a Biosphere Reserve was established to promote and demonstrate a balanced relationship between people and nature in 2005. One of the KVBR's key tasks was to improve conservation efforts for Sweden's largest inland wet grassland complex [8] . Indeed, the wetlands of the KVBR, including the lakeshore grasslands with a rich bird life, were prioritized by the inhabitants of Kristianstad Municipality as the most important areas for conservation [9] .
A suite of studies on governance aiming at ecological sustainability and resilience of social-ecological systems has been made about the KVBR. The results of Hahn et al. [6] suggested that adaptive co-management had enhanced the social capacity to respond to unpredictable change, and had developed a trajectory towards resilience of a desirable social-ecological system. Similarly, Schultz et al. [10] reported that ecosystem management was dependent on multi-level collaboration, and Olsson et al. [11, 12] showed that the multi-level governance networks of the KVBR were suitable to co-manage the complex socio-economic system. Finally, Hahn [13] showed that the governance network of the KVBR complements the socio-economic systems and representative democracy. These studies have improved the understanding of the sustainable development processes both locally in the KVBR, and also partly in the entire catchment of the Helge å River [14] . This research has been disseminated as a success story of sustainable development as a societal process (e.g., [15] ). However, the final step in the policy implementation process, i.e., understanding the extent to which a promising governance arrangement actually results in ecological sustainability as part of resilience of social-ecological systems (e.g., [16, 17] ), is poorly studied. A recent study on Greylag Goose (Anser anser) [18] illustrates the need to go beyond studies of social innovations to understanding the factors that determine the distribution and abundance of focal species. For the KVBR, wet grasslands is the focal land cover, and waders (Charadrii) the focal species group [8, 9] .
Sweden provides a gradient in the viability of wader populations. In northern Sweden wader populations of near-natural systems such as mountain heaths and large boreal wetlands are largely stable or even increasing, whilst in southern Sweden's anthropogenic wetlands they are generally declining [19] . For ten wader species found in both regions, a 2% increase per year in the north and a 3.5% decline per year in the south was found during the period 1998-2012 [20] . The role of habitat loss for waders in southern Sweden is by no means a new phenomenon. Already in 1858, Nilsson [21] reported declines in Black-tailed Godwit (Limosa limosa) populations on the large island Gotland in southern Sweden, and linked this to the draining of wet grasslands, which affected both habitat quality and quantity. Similar conclusions have been made for Scania County in southernmost Sweden [7] .
In southern Sweden traditional farming practices based on animal husbandry and the associated large area of mowed and grazed wet grasslands, which provided habitats for many species, have been turned into intensive cropping systems [22, 23] . Today, the remaining wet grasslands are dependent on environmental subsidies to maintain livestock grazing and mowing [24] . This development also applies to the KVBR. To understand the role of governance systems versus other factors for explaining the states and trends of waders, there is hence a need to compare wader landscapes with different conservation status.
The lowland areas of the Helge å River catchment in NE Scania is a traditional focal area for wetland bird conservation in southern Sweden [8] . Many of the unique values of the area are associated with wet grasslands, which today depend on grazing and hay-making subsidized by EU funding, and the irregular inundation by the Helge å River. As a consequence, to enhance wader conservation, protected wetland areas have been established. Since the late 1980s several wet grassland patches of today's KVBR have also been actively managed with the aim to meet habitat requirements of waders [8] . In response, the wader population initially increased by 59% over a seven-year period [25] [26] [27] [28] . However, these efforts have not been sustained long-term, and the breeding populations of red-listed wader species of the wet grasslands have subsequently declined [26] . There is a whole suite of factors that may affect the distribution and abundance of waders.
Globally, wetlands are one of the most threatened and degraded ecosystems [29, 30] , including lowland wet grassland systems. Being biologically productive, naturally dynamic wet grasslands have been expanded by human management during millennia. Grazing and traditional hay making on wet grasslands thus expanded, resulting in a cultural landscape favoring waders [31, 32] . However, more recently, wet grasslands have been severely reduced [33, 34] through a range of human-induced factors including intensification of agriculture [35, 36] , hydrological changes [33] , eutrophication [30, 37] , land abandonment [38] , forest expansion [39, 40] , urbanization [41] , climate change [42] and land management shifts [43, 44] . These factors have resulted in land cover changes that has directly and indirectly influenced species' habitats as well as population structure of species assemblages [34, 45, 46] . Fragmentation and loss of habitat negatively affects wader breeding in both natural and anthropogenic wetlands in Western Europe [42, [47] [48] [49] . In contrast, in landscapes where land management practices have remained traditional, less intensive and less intrusive, wet grassland ecosystems as cultural landscapes are more intact [32, 38] .
Species' distribution, behavior and abundance are generally affected by habitat change, fragmentation and edge effects [47, 50] . Thus, the degradation of wet grasslands has contributed to a sharp decline in waders throughout Europe over the past three to four decades [48, [51] [52] [53] [54] . In particular, several studies show that wader decline is most commonly linked to a decrease in vegetation quantity and quality [52, 53, 55] , and predation [42, [56] [57] [58] [59] [60] . Ottvall et al. [24] highlight the intrusion of shrubs and trees on wet grasslands as a key factor for the decline of waders. Koivula [60] showed that the loss of open habitat through tree encroachment impacts wader defense strategies by limiting early predator detection. In a review of wader population trends in south Sweden, Ottvall and Smith [24] found that wader breeding density had declined in parallel with intensified agriculture and local changes in grazing management. Finally, a meta-analysis of five major wader species by Roodbergen et al. [42] showed that the present population declines in Europe are caused by a decrease in reproduction, not adult survival, and that their reproductive output by loss of eggs, chicks and young birds is presently too low to compensate for adult mortality.
The hypothesis that predation on eggs and chicks limit wader populations [61] [62] [63] stresses the need for comparisons of predator assemblages and predation pressure among entire wader landscapes that represent declining and stable populations. The aim of this study is to compare a rapidly declining wader population and a stable wader population. Specifically, we tested three predictions linked to predation on wader nests and young, namely that (1) the relative abundance of avian predators and waders; (2) the avian predator abundance; and (3) the predation rate on artificial wader nests, should all be higher in declining versus stable populations.
Materials and Methods

Study Areas
Testing predictions on the predation hypothesis requires study area extents that reflect not only movement patterns of individual waders at the local scale, but also the overall abundance of predators in the landscape. With both avian and mammalian predators having larger home ranges than waders, comparison of local habitat wet grassland patches alone is insufficient. Therefore, the landscape scale should also be considered (e.g., [64] ), as it is linked to predator species' life history traits [65] . In analyses of relationships between land cover and fragmentation versus occurrence of avian and mammalian predators using multiple landscapes, Angelstam et al. [66] and Mikusiński et al. [67] used sampling areas of ca. 100 km 2 and 2500 km 2 , respectively. Additionally, sufficiently large areas with different habitat quality in a broad sense need to be compared. We thus use entire landscapes, and not only the wet grassland patches, as case studies [68, 69] . The wader landscape of Kristianstad (approx. 55N, 14E) contains an archipelago of anthropogenic wet grasslands along the lower part of the Helge å River, surrounded by agricultural land, urban areas, and forest patches. Waders within the wet grasslands have declined in recent years ( Figure 1 ). This applies in particular to Dunlin (Calidris alpina schinzii) which is no longer breeding in the area, Ruff (Philomachus pugnax) which only breeds sporadically, and Black-tailed Godwit [26] . In addition, more abundant species such as Lapwing (Vanellus vanellus), Redshank (Tringa totanus) and Curlew (Numenius arquata) are declining, albeit at a lower rate [26] . years ( Figure 1 ). This applies in particular to Dunlin (Calidris alpina schinzii) which is no longer breeding in the area, Ruff (Philomachus pugnax) which only breeds sporadically, and Black-tailed Godwit [26] . In addition, more abundant species such as Lapwing (Vanellus vanellus), Redshank (Tringa totanus) and Curlew (Numenius arquata) are declining, albeit at a lower rate [26] . Figure 1 . Wader trends over a 22-year period for 6 priority species within the favorably managed wet grassland areas in the Kristianstad landscape [26] .
For comparison we identified three other potentially suitable landscapes for comparison. One was located on the south Swedish mainland in Östergötland County, and two on the large islands of Gotland and Öland in the Baltic Sea. We thus focused on the southern Swedish mainland by exploring a suite of wet grassland patches in central Östergötland (N = 39; 907 ha) [70] in addition to the KVBR wet grasslands (N = 21; 1660 ha) [71] (see Figure 2 ). These two landscapes were selected as the base for comparisons of wet grasslands managed for waders. To be comparable the wet grassland patches should all have "favorable management status". This is defined as a wet grassland patch that is managed and prioritized for the conservation of waders through grazing, mowing, flooding and ongoing maintenance, and is known to host breeding waders [26, 70] . Based on wader population trend data from wet grasslands with favorable management status in Kristianstad (N = 7; 844 ha) [26] and Östergötland (N = 14; 434 ha) [70] we found that in Kristianstad the trends in wader populations, biomass and metabolic weight of waders [72] were clearly negative, while in Östergötland there was no trend (Table 1 and confidence intervals therein). As the 14 wet grasslands selected in Östergötland were located in three different nature reserves (Figure 2 ), those data were first summed to site-wise records. Figure 1 . Wader trends over a 22-year period for 6 priority species within the favorably managed wet grassland areas in the Kristianstad landscape [26] .
For comparison we identified three other potentially suitable landscapes for comparison. One was located on the south Swedish mainland in Östergötland County, and two on the large islands of Gotland and Öland in the Baltic Sea. We thus focused on the southern Swedish mainland by exploring a suite of wet grassland patches in central Östergötland (N = 39; 907 ha) [70] in addition to the KVBR wet grasslands (N = 21; 1660 ha) [71] (see Figure 2 ). These two landscapes were selected as the base for comparisons of wet grasslands managed for waders. To be comparable the wet grassland patches should all have "favorable management status". This is defined as a wet grassland patch that is managed and prioritized for the conservation of waders through grazing, mowing, flooding and ongoing maintenance, and is known to host breeding waders [26, 70] . Based on wader population trend data from wet grasslands with favorable management status in Kristianstad (N = 7; 844 ha) [26] and Östergötland (N = 14; 434 ha) [70] we found that in Kristianstad the trends in wader populations, biomass and metabolic weight of waders [72] were clearly negative, while in Östergötland there was no trend (Table 1 and confidence intervals therein). As the 14 wet grasslands selected in Östergötland were located in three different nature reserves (Figure 2 ), those data were first summed to site-wise records. Table 1 . Annual rate of change of wader population proxy variables at the wet grassland sites with favorable management status in the KVBR, and in Östergötland. Data were extracted from Cronert [26] for the Kristianstad landscape and from Bergner [70] for the Östergötland landscape.
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Body mass (g/ha)´27. To include a sufficiently large area in the context of landscape-level differences in predator assemblages, we focused on wet grasslands within Kristianstad Municipality (1484 km 2 ) and the central lowlands in Östergötland County (2604 km 2 ) ( Figure 2 ). Land cover proportions for both landscapes were calculated using Swedish Land Surveying Authority data and GIS software [73] . The land cover proportions of the entire study landscapes, and the distribution at different spatial scales around the wet grassland patches with favorable management status (using buffer zones 0.5, 1, 2, 4 and 8 km) is illustrated in Figure 3 . To include a sufficiently large area in the context of landscape-level differences in predator assemblages, we focused on wet grasslands within Kristianstad Municipality (1484 km 2 ) and the central lowlands in Östergötland County (2604 km 2 ) ( Figure 2 ). Land cover proportions for both landscapes were calculated using Swedish Land Surveying Authority data and GIS software [73] . The land cover proportions of the entire study landscapes, and the distribution at different spatial scales around the wet grassland patches with favorable management status (using buffer zones 0.5, 1, 2, 4 and 8 km) is illustrated in Figure 3 . To include a sufficiently large area in the context of landscape-level differences in predator assemblages, we focused on wet grasslands within Kristianstad Municipality (1484 km 2 ) and the central lowlands in Östergötland County (2604 km 2 ) ( Figure 2 ). Land cover proportions for both landscapes were calculated using Swedish Land Surveying Authority data and GIS software [73] . The land cover proportions of the entire study landscapes, and the distribution at different spatial scales around the wet grassland patches with favorable management status (using buffer zones 0.5, 1, 2, 4 and 8 km) is illustrated in Figure 3 . Land cover proportions at different spatial scales expressed as buffers surrounding the wet grassland patches with favorable management status in the Kristianstad study area (1484 km 2 ) (bottom) and in the Östergötland study area (2604 km 2 ) (top).
Field Observations
Relative Abundance of Avian Predators and Waders
Based on the management status of each wet grassland patch, and presence of population trend data, we selected seven wet grasslands covering 844 ha in Kristianstad and nine wet grasslands covering 407 ha in Östergötland. The study took place in April 2013, during the beginning of the wader breeding season, by visiting wet grassland patches in Kristianstad and Östergötland and counting all present corvid birds, birds of prey, and waders. At each wet grassland patch, a 30-min count sweep was conducted once using binoculars and a spotting scope from dawn to mid-afternoon under favorable weather conditions.
The relative abundance of avian predators and waders, i.e., an index of predation pressure, was calculated separately for corvids and birds of prey, respectively, and expressed as the ratio of predators to the sum of predators and waders. Using the software Comprehensive Meta-Analysis 2.2 (www.meta-analysis.com, Biostat, Inc.: Engelwood, NJ, USA), we then calculated an overall average "predation pressure index" for the KVBR and Östergötland using the random model.
Landscape Avian Predator Counts
During the latter part of the breeding period, in early June 2013, avian predators were counted with focus on corvid birds and birds of prey in the landscape surrounding the wet grassland patches in both KVBR and Östergötland. To estimate the abundance of avian predators known to prey on wader nests and young we divided the study areas into 1-km grid cells. Using GIS [73] each grid cell was populated with land cover proportions using data from the Swedish Land Surveying Authority. Based on the main land cover types, six strata were identified: (1) wet grasslands; (2) urban areas (>40% coverage); (3) agricultural fields (forest cover~0%); (4) mixed field and forest (forest cover 5%-20%); (5) mixed forest and field (forest cover 40%-60%); and (6) forests (forest cover 80%-95%). The forest cover intervals were chosen to reflect clearly fragmented areas (i.e., <20% forest cover), areas without severe fragmentation, and contiguous forest [47] . For each of the two case study areas and each stratum, a total of 30 individual 1-km 2 grid cells were randomly selected. At the center of each grid cell a 5-min, continuous 360 degree point sweep with binoculars was undertaken to count all corvid birds and birds of prey. The point counts were suspended in adverse weather conditions, such as when windy and rainy. Average counts per land cover type were calculated on ln(1 + x)-transformed data, and then back-transformed for display purpose.
Artificial Nest Predation
Following Pehlak and Lõhmus [62] , artificial wader nests were placed in five randomly selected wet grasslands and in five randomly selected open agricultural field habitat patches surrounding the wet grasslands [55] . In each landscape case study area, nests were exposed during a 10 day period during the wader breeding season in 2013. Within each habitat patch, 10 artificial wader nests containing two brown chicken eggs (i.e., n = 50 per stratum in each case study landscape) were placed at night (cf. [74] ). Artificial nests were located in microsites with open vegetation height varying between 0 and 30 cm, and at a minimum distance of 100 m from each other. The aim was to simulate wader nests, which are simply eggs laid on the ground. Each nest was then inspected during the night for predation and the perpetrator after 5 and 10 days, respectively [59, 62] . To establish the perpetrator, signs such as peck holes, feathers, footprints, tire tracks or farming operations (e.g., slashing and ploughing) were also identified. Site-wise nest predation data were entered into a meta-analysis that then estimated the predation (event rate) in Kristianstad and Östergötland using the random model and the software Comprehensive Meta-Analysis.
Results
Relative Abundance of Avian Predators and Waders at the Beginning of the Breeding Season
The index of avian predation pressure was higher on the wet grasslands with favorable management status in Kristianstad than in Östergötland for corvid birds, but not for birds of prey (Figure 4) . The index was three times higher for corvids in Kristianstad than for Östergötland. In total 11 species among 517 wader individuals, 6 corvid species among 556 individuals, and 6 birds of prey species among 66 individuals, were observed during the relative abundance of avian predator and wader field work (Table 2 ).
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Landscape Avian Predator Counts during the Latter Part of the Breeding Season
Mean corvid numbers were higher in Kristianstad compared to Östergötland for all land cover strata, and significantly higher for two: wet grasslands and urban areas ( Figure 5 ). In addition, for birds of prey, Kristianstad exhibited higher mean numbers than Östergötland for all land covers except when forest cover was >80%. However, confidence intervals overlapped for the other land covers ( Figure 5 ). In total 6 corvid species among 2695 individuals, and 7 birds of prey species among 88 individuals, were observed during the landscape avian predator counts (Table 2) . 
Raven (Corvus
corax) 24 1 16 23 Total 525 31 821 1874 Birds of Prey Observations White-tailed Eagle (Haliaetus albicilla) 1 3 0 1 Osprey (Pandion haliaetus) 6 0 1 0
Artificial Nest Predation
The predation rates on artificial nests over the 10-day period were on average 95% in Kristianstad versus 36% in Östergötland. This applied both to wet grasslands and agricultural fields ( Figure 6 ). The cause of predation/destruction of artificial nests was sometimes visible. Avian predators, mammals, livestock and human farming practices all contributing to the demise of the artificial nests ( Figure 7) . Nevertheless, for the majority of the eggs that were damaged or missing a perpetrator could not be distinguished and were categorized as unknown. Even though the majority of the eggs were gone with no obvious signs, we assume that the eggs were preyed upon by either avian predators or mammals. On several occasions during the field work, crows traversing the sky carrying eggs were observed. Red Fox (Vulpes vulpes) were observed also with in the vicinity of the nest predation experiments in the KVBR landscape. Trampling from cows and horses was clearly higher in the wet grasslands compared to the agricultural fields.
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All three predictions made based on the hypothesis that predation of nests and young is a factor that contributes to the difference between rapidly declining and stable wader populations were of the eggs were gone with no obvious signs, we assume that the eggs were preyed upon by either avian predators or mammals. On several occasions during the field work, crows traversing the sky carrying eggs were observed. Red Fox (Vulpes vulpes) were observed also with in the vicinity of the nest predation experiments in the KVBR landscape. Trampling from cows and horses was clearly higher in the wet grasslands compared to the agricultural fields. 
Discussion
Management of Trophic Interactions and Land Covers
All three predictions made based on the hypothesis that predation of nests and young is a factor that contributes to the difference between rapidly declining and stable wader populations were 
Discussion
Management of Trophic Interactions and Land Covers
All three predictions made based on the hypothesis that predation of nests and young is a factor that contributes to the difference between rapidly declining and stable wader populations were upheld. First, the rapid assessment of the avian predation index ratio in the wet grasslands with favorable management status resulted in a three times as high ratio in Kristianstad compared to Östergötland. Second, the corvid observations, and to some extent the birds of prey observations, were higher in wet grasslands within the Kristianstad landscape compared to the Östergötland landscape. Third, the predation rates on artificial nests were much higher in Kristianstad compared to Östergötland. Therefore, we cannot reject the hypothesis that high predation pressure contributes to wader decline in Kristianstad. Hence, this is a factor that should be considered when planning and implementing wader conservation strategies.
In southern Sweden, corvids, birds of prey and gulls are the main avian predators. Populations of both corvids and birds of prey have grown in numbers over the past 30 years in southern Sweden. Corvid birds are often positively linked to human presence and activity [75] , and have an adverse influence on breeding success of ground-nesting birds such as waders (e.g., [46, 56, 76, 77] ). Birds of prey have increased from historically low levels in the mid-1970s, which was caused by hunting and pollution from farm chemicals in Sweden [24, 78, 79] . Efforts to rehabilitate populations of birds of prey have been successful in southernmost Sweden's Scania County where Kristianstad is located. For example, the Red Kite (Milvus milvus) population has been supported successfully by winter feeding in Scania and is becoming common [79, 80] . Moreover, corvids are resident all year round and Scania provides wintering grounds for a number of birds of prey (Table 3) . Ultimately, however, the increase in avian predator populations may be caused by a number of factors, such as changes in land use, vegetation change, re-introduction programs, milder winters and reductions in hunting and policy change that protects avian predators [81, 82] . 
Birds of Prey
White-tailed Eagle (Haliaetus albicilla) Also in other studies, predation has been reported to negatively affect wader populations. Berg [82] and Seymour et al. [85] suggest that a declining wader population could lead to reduced effectiveness of active adult defense against nest and chick predation and that smaller populations of waders maybe more susceptible to predation. Additionally, Bolton et al. [86] indicated that predator control can result in increased wader breeding success, but only at sites where predator densities are high. Indeed, some avian predator removal experiments have shown that the nesting success of ground nesting birds increases when predators are removed (e.g., [87, 88] ). However, Norrdahl et al. [89] suggest that the presence of certain birds of prey, e.g., Kestrels (Falco tinnunculus), may benefit wader populations by keeping other predators away, but only if predator numbers and species are actively managed.
In addition to birds, mammals such as Red Fox, Badger (Meles meles), Hedgehog (Erinaceus europaeus) and Mink (Mustela lutreola), are also recognized as predators of waders [56, 57, 90, 91] . In a Danish study, Olsen [92] showed that mammals also heavily prey upon on wader eggs, and pointed out that wader defense mechanisms are not effective against the nocturnal foraging habits of many mammals. Smart et al. [55] states that ground predators, such as mammals, prefer to use dry site corridors to forage in wet areas. Thus, the trend of drainage and drier grasslands, as in Kristianstad, may aid mammal predation on waders. Therefore, further analyses of the role of predation need to be complemented by comparative studies of mammal predators and mammal predation.
The protection of nesting sites and nests via fences and nest cages provide short term solutions against predation, but does not provide a realistic long term solution to wader decline [92, 93] . Observations by Smith et al. [94] and Ivan and Murphy [95] , show that fences and cages can increase wader hatching success, but as a consequence the rate of predation on incubating adult waders increases. Whilst fences and cage may work on a small scale they are costly, and require ongoing maintenance. Our use of artificial nests as a proxy to indicate the risk of avian predation on wader nests is appropriate for comparative studies among wader landscapes. However it does not take into account the natural defense mechanisms (e.g., alarm calling, mobbing and nesting location) of waders which often guard nests against avian and mammal predators (cf. [96] ). Moreover, Dyrcz et al. [96] showed wader nest survival is greater in open areas with larger populations and where nests are situated closer together.
Pearce-Higgins and Grant [97] and Wilson et al. [98] showed that the rate of predation on wader nests greatly increases when bushes, shrubs and trees are present on or near habitat patches, thus providing perches for predators. In contrast, a study by Ottvall et al. [99] indicates that wader nest survival rates were not related to the distance to habitat edges or other features used by predators. Accordingly, as noted by Ottvall [91] reductions of predator habitat solely within in wet grasslands may not lead to a decrease predation on waders. In addition to predation, grazing livestock destroyed artificial nests (cf. [100] ). Studies indicate that cattle become problematic to wader breeding when cattle are stocked at >2 head¨ha´1 [100] , and may then trample between 35% and 70% of wader nests [101] .
To conclude, this study indicates that the number of predators in a landscape with wet grasslands could be one factor that influences the breeding success of waders in southern Sweden (cf. [82] ). Increased numbers of avian predators may thus lead to higher nest predation rates, and subsequently cause local extirpation, or drive waders to seek alternate breeding areas (see also Norrdahl et al. [89] , Loman and Göransson [102] ). We therefore, agree with Bell and Merton [103] and Stien et al. [87] that generalist predators, such as corvids, may act to accelerate the decline in wader populations, and consequently contribute to increasing the risks of local population extinction. Hence, predator behavior and composition need to be considered at the landscape scale as applied in this study.
Generally, including the KVBR, the Black-tailed Godwit is used as a flagship species for habitat restoration and management of wet grasslands [35, 104, 105] . In Western Europe Gill et al. [34] suggested that Black-tailed Godwit decline is linked to agricultural intensification. In contrast to the general decline trend in Western Europe, Lapwing and Black-tailed Godwit populations on the German Wadden Sea Islands have increased over the past three decades through immigration and not due to improved breeding success [106] . Likewise, the Icelandic Black-tailed Godwit (Limosa limosa islandica) population has rapidly increased through a believed improvement in climatic conditions and habitat leading to larger and better quality breeding and foraging areas [34] . However, it should also be noted that Iceland has only one mammal predator, the Arctic fox (Alopex lagopus) [107] , and only one corvid species, the Raven [108] .
Towards Governance of Wet Grasslands as a Green Infrastructure
Unfortunately, the results of habitat restoration for the conservation of waders have not been successful in the long term [52, 109] . In Kristianstad, attempts to restore habitat have shown similar results with increases in waders for several years before continuing to decline [25] . Thus, habitat restoration requires habitat maintenance with a long-term strategy [59] . There are strong arguments for targeting several locally limiting factors for wader populations simultaneously, instead of focusing on mitigation of one factor alone [58, 110] . Furthermore, there is increasing evidence that the abundance and breeding success of waders within patches of high quality habitat are not only dependent on processes within their patch, but also on processes and quality of habitat within the surrounding landscape [64] . Thus, habitat is not only about patch quality and size linked to vegetation characteristics, but also about trophic interactions, such as predation in this study [53, 111, 112] . Therefore, wetland management and habitat restoration efforts cannot just focus on the wet grasslands patches, but need to expand into the surrounding landscape and include both pattern and process. This complexity of wader conservation thus requires taking a landscape approach perspective [3, 69, [113] [114] [115] . This implies the inclusion of both entire ecological systems at multiple spatial scales, and social systems in terms of managers and governors of land use at multiple levels [116] .
Regarding ecosystems, the first step is to extend the spatial scale from individual habitat patches for waders, to the spatial extent relevant for predator communities. Our comparison of avian predator assemblages and predation pressure in entire wet grassland landscapes with declining and stable wader populations supports this approach. Other hypotheses include the amount and quality of habitat and the spatial configuration of each wet grassland patch and the surrounding area. Such hypotheses can be tested by making comparisons of landscapes with different wader population status, or by applying retrospective studies using historical land cover maps and historical wader data analogous to the work by Paltto et al. [117] . The first approach is to use multiple landscapes as case studies, which should vary in size, habitat type and quality, assemblages of breeding wader populations and predators as well as landscape management practices, including both unfavorable and favorable conservation status. For example, Wallin et al. [118] analyzed surveys of waders during a 10-year period on 89 wet grassland patches on the island of Öland in SE Sweden. For most waders, they found significant relationships between breeding density and grassland management. However, the variation explained was low. To address regional level differences in Europe, the near-natural trans-border Pripyat-Stokhid-Prostyr Ramsar wetland area across the Belarus-Ukraine border, and the downstream Turov grasslands in Belarus, are good examples of wet grassland landscapes still hosting abundant wader populations [119] . The second approach is to compare long-term wader trends with analyses of land cover and land use change over time. For Dunlin, Ruff and Black-tailed Godwit, Thorup [120] showed that there were strongly divergent population trends among Danish areas with different management. This clearly indicates that the recent declines are caused by factors within the breeding areas rather than by more general factors like climate change or pollution. Thorup's [32] review of breeding birds and factors influencing them on the wet grasslands at Tipperne in Denmark is a lucid example. Being cultural landscapes, wet grassland transform into marsh or scrub unless they are mowed or grazed. Additional factors were drainage, fertilization as well as effects of mammalian predators and birds of prey. Long-term studies on the influence of climate on the abundance of wintering waders show substantial shifts of up to 115 km, generally in a north-easterly direction [121] .
Additionally, social system factors at multiple levels need to be included in wader conservation. Locally, the important contribution from amateur ornithologists, who provide the base data for documenting wader population trends needs to be acknowledged and encouraged (e.g., [122] ). Similarly, the EU has introduced agro-environmental schemes by offering land managers financial incentives to conserve, manage and restore wet grassland habitats for cultural and biodiversity purposes [54] . However, knowledge about ecosystems and management actions of stakeholders at multiple levels from habitat patches to entire landscapes need to be integrated among different sectors and levels of governance. Indeed these principles are advocated by the Ramsar [123] and Biosphere Reserve [124] concepts. Conservation objectives may also conflict with each other, such as the conservation of birds of prey and waders [125, 126] . In Kristianstad the efforts to conserve wader habitat was paralleled by encouraging breeding of Peregrine Falcon (Falco peregrinus) on the city's water tower located in the center of the KVBR wetland complex, and less than a km from one of the main wet grassland patches for Black-tailed Godwits. Good breeding results of adult Peregrine Falcons were stopped by illegal poisoning in 2012. When subsequently inspecting their nest box, remnants of five Black-tailed Godwits were found, one of them ringed as adult breeding in 1999 in the KVBR area [127] . This interestingly highlights the delicate balance among different conservation goals. Therefore, to conserve waders, wetland landscapes must be treated as coupled ecological and social systems, both of which need to be diagnosed with respect to functionality.
Following the Seville strategy [124] , Biosphere Reserves are designed to reconcile conservation of biodiversity, the quest for economic and social development, and the maintenance of associated cultural values. To meet the requirements of the Biosphere Reserves' conservation, development, and logistic support functions an effective Biosphere Reserve should thus involve natural and social scientists, conservation and development groups, management authorities and local communities [128] . Correspondingly, Ecomuseums, founded by Rivière and Varine in France in the early 1970s [129] , are designed to function with a joint partnership between a public authority and the local community. The aim is to actively engage the community to preserve, interpret, and manage their heritage by providing a sense of identity to society, conserving natural and cultural assets and promoting economic growth [130, 131] . The Ecomuseum philosophy focuses on the local community as the most important stakeholder and is driven by community empowerment and democracy towards sustainable development [129, 132] . Therefore, the ultimate aim of these concepts are thus clearly to contribute to the implementation of ecological sustainability and resilience.
This study shows that, in spite of extensive praise (e.g., [5, 15] ) these innovative multi-level governance arrangements have so far not succeeded in maintaining viable populations of waders as focal species for ecological sustainability of wet grasslands in Kristianstad. The same conclusion applies to upstream and downstream ecological sustainability issues such as brownification within the Helge å River catchment [133] , and the effects the rapid increase of Greylag geese has had on Lake Hammarsjön and the surrounding wetland vegetation [8, 18] .
To succeed with wet grassland conservation for waders, improved knowledge of what constitutes good habitat is needed, including land use and land cover at multiple scales, as well as trophic interactions. Additionally, improved collaboration among landscape stewards and land managers is needed both regarding land cover management, and management of factors affecting predator densities. This includes both knowledge production and learning (see [134] ) about ecological sustainability among public actors such as the regional county administrative boards, municipalities and a large number of individual farmers. In both Kristianstad and Östergötland there are many land owners, which creates challenges for the implementation of a landscape approach based on collaborative management across land ownership borders. For example, at the habitat patch level the beneficiaries of agri-environmental schemes are individual farmers as business enterprises. This complicates co-ordination among neighboring land owners, which results in short-term commitments to manage individual wet grassland patches, which often have several land owners. Additionally, different levels of governance are poorly integrated [135, 136] . We emphasize the need for integrated studies that assess the present governance process and its outputs in terms of management actions, and finally the consequences on the ground, such as wet grasslands as a functional green infrastructure for viable populations of waders (see [16] ). Additionally, values and attitudes of stakeholders and actors must be understood (e.g., [9]), as well as incentives that may promote a landscape approach for wader conservation at multiple spatial scales. However, if governance approaches can be improved is questionable without considerable financial and human investment in both ecological and social systems.
Whilst the emphasis of this study is placed on ecological sustainability for wader conservation, it should be noted that the KVBR is ultimately managed and governed to achieve a general balance between ecological, economic and social systems. Within the Kristianstad landscape, society has been encouraged to consider the importance of green infrastructure not only for species conservation, but also for human well-being [137, 138] . The KVBR in the Kristianstad landscape provides a good example of human green space interactions with tourism and outdoor recreation being highly promoted, accommodated for and undertaken [139] . Wet grasslands are one such highlight within the KVBR that draws in visitors to experience Crane (Grus grus) feeding during migration, cattle grazing, bird watching or to just experience nature for recreational purposes. Hence, future studies of wet grasslands as green infrastructures should encompass both the viability of focal wild species, and different aspects of human well-being.
Conclusions
Contrary to the aim of Ecomuseums and Biosphere Reserves as learning sites for sustainable development, and as emerging novel governance arrangements towards ecological sustainability and resilience, wader conservation in Kristianstad has not been successful. This study cannot reject the hypothesis that predation contributes to wader decline. However, ultimately, predation might not be the only or even most important factor causing wader decline. Complex long-term changes in land management that affects habitat quality and amount, as well as trophic interactions, at multiple scales from patches to entire landscapes requires further research. We therefore stress the need to use multiple landscapes as case studies that represent viable, declining and extirpated wader populations. Additionally, different approaches to landscape governance need to be examined to understand if and how wader populations can be sustained in the long term.
